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(57) ABSTRACT

A memory includes a first cell array including a plurality of
first memory cells connected to a plurality of word lines, a bit
line selection unit configured to select one or more bit lines
among a plurality of bit lines based on repair information, a
second cell array including a plurality of second memory
cells connected to the plurality of word lines and the plurality
of bit lines, wherein a group of the plurality of second
memory cells connected to a corresponding word line stores
the number of activations of the corresponding word line
when the one or more connected bit lines are selected and an
activation number update unit configured to update a value
stored in the second memory cells, which are connected to the
one or more selected bit lines and the activated word line
among the plurality of word lines.
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FIG. 5
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1
MEMORY AND MEMORY SYSTEM
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application Nos. 10-2012-0149944 and 10-2012-0149967,
filed on Dec. 20, 2012, which are incorporated herein by
reference in their entirety.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
semiconductor design technology, and more particularly, to a
memory core circuit, amemory, and a memory system includ-
ing the same.

2. Description of the Related Art

Asthe degree of integration of a memory increases, a space
between word lines included in the memory, such as DRAM
is reduced. As the space between the word lines is reduced, a
coupling effect between adjacent word lines increases.

Meanwhile, whenever data is inputted or outputted to or
from a memory cell, a word line toggles between an activated
state and a deactivated state. In this regard, as the coupling
effect between adjacent word lines increases as described
above, the data of a memory cell connected to a word line
adjacent to a frequently activated word line may be degraded.
Such a phenomenon is called word line disturbance or row
hammer. Due to the word line disturbance, the data of a
memory cell may be degraded within a retention time of the
memory cell to be refreshed.

FIG. 1 is a diagram illustrating a part of a cell array
included in DRAM for explaining the word line disturbance.

In FIG. 1, “WLL’ corresponds to a frequently activated
word line (i.e., a word line having the large number of acti-
vations), and ‘WLL-1"and “WLL+1’ correspond to adjacent
word lines, which are disposed adjacent to the frequently
activated WLL. Furthermore, ‘CL’ denotes a memory cell
connected to the frequently activated word line WLL, ‘CL-1"
denotes a memory cell connected to the adjacent word line
WLL-1, and ‘CL+1" denotes a memory cell connected to the
adjacent word line WLL+1. The memory cells CL,, CL-1 and
CL+1 include cell transistors TL, TL-1 and TL+1, respec-
tively, and also include cell capacitors CAPL, CAPL-1 and
CAPL+1, respectively.

When the word line WLL is activated or deactivated, the
voltages of the word lines WLL-1 and ‘WLL+1 are
increased or decreased due to a coupling effect occurring
among the word lines WLL and WLL-1 and among the word
lines WLL and WLL+1. Accordingly, the amounts of charges
charged in the cell capacitors CAPL-1 and CAPL+1 is
affected, so that the data of the memory cells ‘CL-1" and the
‘CL+1’ may be degraded.

Furthermore, as electromagnetic waves, which are gener-
ated while the word line toggles between the activated state
and the deactivated state, introduce or discharge electrons
into or from the cell capacitors of the memory cells connected
to adjacent word lines, data are likely to be degraded.

To prevent degradation of data due to the word line distur-
bance, it may be necessary to provide a scheme for detecting
the frequently activated word lines by counting the number of
activations of respective word lines and a scheme for storing
the count information. In the case where the scheme for
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detecting frequently activated word lines is introduced in a
memory core circuit, a fail related to the count information
may occur.

SUMMARY

Various embodiments of the present invention are directed
to a memory core circuit, a memory, and a memory system,
that may store counting information on the numbers of acti-
vations of the respective word lines in specific memory cells
connected to the respective word lines, and that may repair a
fail occurred in the specific memory cells when storing the
numbers of activation of the respective word lines.

In an embodiment, a memory may include a first cell array
including a plurality of first memory cells connected to a
plurality of word lines, a bit line selection unit configured to
select one or more bit lines among a plurality of bit lines based
onrepair information, a second cell array including a plurality
of second memory cells connected to the plurality of word
lines and the plurality of bit lines, wherein a group of the
plurality of second memory cells connected to a correspond-
ing word line stores the number of activations of the corre-
sponding word line when the one or more connected bit lines
are selected and an activation number update unit configured
to update a value stored in the second memory cells, which are
connected to the one or more selected bit lines and the acti-
vated word line among the plurality of word lines.

In an embodiment, a memory may include a first cell array
including a plurality of first memory cells connected to a
plurality of word lines, a bit line selection unit configured to
select one or more bit lines among a plurality of bit lines in
response to repair information, a second cell array including
a plurality of second memory cells connected to the plurality
of'word lines and the plurality of bit lines, wherein a group of
the plurality of second memory cells connected to a corre-
sponding word line stores the number of activations of the
corresponding word line when the one or more connected bit
lines are selected, a transfer signal generating unit configured
to activate a first transfer signal in response to an active
command or a refresh command, and activate a second trans-
fer signal after the first transfer signal is activated and a
predetermined time lapses and a stored value updating unit
configured to receive and increase a value outputted from the
second memory cells connected to the one or more selected
bit lines and the activated word line, in response to the first
transfer signal, and to transfer the increased value to the
second memory cells connected to the one or more selected
bit lines and the activated word line, in response to the second
transfer signal.

A stored value updating unit may receive and increase a
value outputted from the second memory cells connected to
the one or more selected bit lines and the activated word line,
in response to the first transfer signal, and transfer the
increased value to the second memory cells connected to the
one or more selected bit lines and the activated word line, in
response to the second transfer signal

The bit line selection unit may transfer a value outputted
from the one or more selected bit lines, which are selected in
response to the repair information, to the stored value updat-
ing unit, and transfer a value outputted from the stored value
updating unit to the one or more selected bit lines.

The stored value updating unit may transfer an initial value
to the second memory cells, which are connected to the one or
more selected bit lines and the activated word line, when the
a normal refresh operation or a special refresh operation is
performed.
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The stored value updating unit may include an adding unit
configured to increase a value inputted through an input ter-
minal and output the increased value through an output ter-
minal, a first transfer unit configured to transfer a value out-
putted from the bit line selection unit to the input terminal of
the adding unit when the first transfer signal is activated, and
a second transfer unit configured to transfer a value outputted
through the output terminal of the adding unit to the bit line
selection unit when the second transfer signal is activated

The transfer signal generating unit may activate the first
transfer signal after the active command or the refresh com-
mand is supplied and a first time lapses, and activate the
second transfer signal when a second time lapses after the first
transfer signal is activated and a second time lapses.

In an embodiment, a memory system may include a
memory including a first cell array including a plurality of
first memory cells connected to a plurality of word lines, and
a second cell array including a plurality of second memory
cells connected to the plurality of word lines and a plurality of
bit lines, wherein a group of the plurality of second memory
cells connected to a corresponding word line stores the num-
ber of activations of the corresponding word line when the
one or more connected bit lines are selected, and wherein the
memory is configured to generate an alert signal when the
number of activations of the corresponding word line is equal
to or greater than a reference number and a memory controller
configured to apply an excessive address and at least one
adjacent address having a value adjacent to the excessive
address, to the memory in a special refresh mode, wherein the
excessive address corresponds to a word line of which the
number of activation is equal or greater than the reference
number.

In an embodiment, a memory core circuit may include a
first cell array including a plurality of first memory cells
connected to a plurality of word lines, a bit line selection unit
configured to select one or more bit lines among a plurality of
bit lines in response to repair information and a second cell
array including a plurality of second memory cells connected
to the plurality of word lines and the plurality of bit lines,
wherein a group of the plurality of second memory cells
connected to a corresponding word line stores the number of
activations of the corresponding word line when the one or
more connected bit lines are selected.

When an active command is supplied, a value stored in the
second memory cells connected to the one or more selected
bit lines and a word line activated among the plurality of word
lines, may be increased.

When anormal refresh operation or a special refresh opera-
tion is performed, a value stored in the second memory cells
connected to the one or more selected bit lines and a word line
activated among the plurality of word lines, may be initial-
ized.

In the case where a special refresh operation is performed,
the value stored in the second memory cells which are con-
nected to the one or more selected bit lines, among the plu-
rality of second memory cells which are connected to the
word line activated among the first to Nth word lines, may be
initialized

In an embodiment, a memory may include a first cell array
including a plurality of first memory cells connected to a
plurality of word lines, a second cell array including a plural-
ity of second memory cells connected to the plurality of word
lines and one or more bit lines, wherein a group of the plu-
rality of second memory cells connected to a corresponding
word line stores the number of activations of the correspond-
ing word line, a redundancy cell array including a plurality of
redundancy memory cells connected to the plurality of word
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lines and one or more redundancy bit lines for replacing the
one or more bit lines, wherein a group of the plurality of
redundancy memory cells connected to a corresponding word
line stores the number of activations of the corresponding
word line when the one or more bit lines are replaced and an
activation number update unit configured to update a value
stored in the second memory cells connected to the activated
word line, and update a value stored in the redundancy
memory cells connected to the activated word line when the
one or more bit lines are replaced.

In an embodiment, a memory may include a first cell array
including a plurality of first memory cells connected to a
plurality of word lines, a second cell array including a plural-
ity of second memory cells connected to the plurality of word
lines and one or more bit lines, wherein a group of the plu-
rality of second memory cells connected to a corresponding
word line stores the number of activations of the correspond-
ing word line, a redundancy cell array including a plurality of
redundancy memory cells are connected to the plurality of
word lines and one or more redundancy bit lines for replacing
the one or more bit lines, wherein a group of the plurality of
redundancy memory cells connected to a corresponding word
line stores the number of activations of the corresponding
word lines when the one or more bit lines are replaced, a
transfer signal generating unit configured to activate a first
transfer signal in response to an active command or a refresh
command, and activate a second transfer signal after the first
transfer signal is activated and a predetermined time lapses
and a stored value updating unit configured to receive and
increase a value outputted from the second memory cells or
the redundancy memory cells, which are connected to the
activated word line, in response to the first transfer signal and
a redundancy signal, and transfer the increased value to the
second memory cells or the redundancy memory cells, which
are connected to the activated word line, in response to the
second transfer signal and the redundancy signal.

The stored value updating unit may receive and increase
the value outputted from the second memory cells connected
to the activated word line, in response to the first transfer
signal and the redundancy signal, and transfer the increased
value to the second memory cells connected to the activated
word line, in response to the second transfer signal and the
redundancy signal, and when the one or more bit lines are
replaced, the stored value updating unit may receive and
increase the value outputted from the redundancy memory
cells connected to the activated word line, in response to the
first transfer signal and the redundancy signal, and transfer
the increased value to the redundancy memory cells con-
nected to the activated word line, in response to the second
transfer signal and the redundancy signal.

When a normal refresh operation or a special refresh opera-
tion is performed, the stored value updating unit may transfer
an initial value to the second memory cells, which are con-
nected to a activated word line, and transfer an initial value to
the redundancy memory cells connected to the activated word
line when the one or more bit lines are replaced.

The transfer signal generating unit may activate the first
transfer signal in response to a refresh command and activate
the second transfer signal after the first transfer signal is
activated and the predetermined time lapses

The stored value updating unit may activate one column
signal of a normal column signal and a redundancy column
signal in response to a column signal, which is activated when
the first transfer signal or the second transfer signal is acti-
vated, the redundancy column signal representing whether
the one or more bit lines are replaced or not, and the value
stored in the second memory cells connected to the activated
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word line may be updated when the normal column signal is
activated, and the value stored in the redundancy memory
cells connected to the activated word line may be updated
when the redundancy column signal is activated.

The stored value updating unit may include, an adding unit
configured to increase a value inputted through an input ter-
minal thereof and output the increased value through an out-
put terminal thereof, a first transfer unit configured to transfer
avalue outputted from the second memory cells or the redun-
dancy memory cells, which are connected to the activated
word line, to the input terminal of the adding unit when the
first transfer signal is activated, and a second transfer unit
configured to transfer a value outputted from the output ter-
minal of the adding unit to the second memory cells or the
redundancy memory cells, which are connected to the acti-
vated word line when the second transfer signal is activated,
and to transfer an initial value to the second memory cells or
the redundancy memory cells, which are connected to the
activated word line, when a normal refresh operation or a
special refresh operation is performed.

The memory may further include an alert signal generation
unit configured to activate an alert signal when the number of
activations of the activated word line, which is stored in the
second memory cells or the redundancy memory cells con-
nected to the activated word line, is equal to or greater than a
reference number. The memory may further include an
address storage unit configured to store an address corre-
sponding to the activated word line when the alert signal is
activated.

In an embodiment, a memory system may include a
memory including a first cell array including a plurality of
first memory cells connected to a plurality of word lines, a
second cell array including a plurality of second memory
cells connected to the plurality of word lines and one or more
bit lines, wherein a group of the plurality of second memory
cells connected to a corresponding word line stores the num-
ber of activations of the corresponding word line, and a redun-
dancy cell array including a plurality of redundancy memory
cells connected to the plurality of word lines and one or more
redundancy bit lines for replacing the one or more bit lines,
wherein a group of the plurality of redundancy memory cells
connected to a corresponding word line stores the number of
activation of the corresponding word line when the one or
more bit lines are replaced, and wherein the memory gener-
ating an alert signal when the number of activations of the
corresponding word line is equal to or greater than a reference
number and a memory controller an excessive address and at
least one adjacent address having a value adjacent to the
excessive address, to the memory in a special refresh mode,
wherein the excessive address corresponds to a word line of
which the number of activations is equal or greater than the
reference number.

The memory controller may control the memory to enter
the special refresh mode when the alert signal is activated.

When the memory operates in the special refresh mode, the
memory may activate at least one adjacent word line, which is
adjacent to a word line of which the number of activations is
equal to or greater than the reference number, in response to
an active command, the excessive address and the adjacent
address.

In an embodiment, a memory core circuit may include a
first cell array including a plurality of first memory cells
connected to a plurality of word lines, a second cell array
including a plurality of second memory cells connected to the
plurality of word lines and one or more bit lines, wherein a
group of the plurality of second memory cells connected to a
corresponding word line stores the number of activations of
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the corresponding word line and a redundancy cell array
including a plurality of redundancy memory cells connected
to the plurality of word lines and one or more redundancy bit
lines for replacing the one or more bit lines, wherein a group
of the plurality of redundancy memory cells connected to a
corresponding word line stores the number of activations of
the corresponding word line when the one or more bit lines
are replaced.

When an active command is supplied, a value stored in the
second memory cells connected to the activated word line
may be increased, and a value stored in the redundancy
memory cells connected to the activated word line may be
increased when the one or more bit lines are replaced.

When a normal refresh operation or a special refresh opera-
tion is performed, a value stored in the second memory cells
connected to the activated word line may be initialized, and a
value stored in the redundancy memory cells connected to the
activated word line may be initialized when the one or more
bit lines are replaced.

According to the embodiments of the present invention, the
numbers of activations of respective word lines are counted
and stored in specific memory cells connected to the respec-
tive word lines, and a fail occurred in the specific memory
cells when storing the numbers of activations of the respective
word lines may be repaired, whereby it may be possible to
prevent the occurrence of a concern present in counting the
numbers of activations of word lines.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a part of a cell array
included in DRAM for explaining word line disturbance.

FIG. 2 is a timing diagram for explaining a special refresh
operation in a memory system.

FIG. 3 is a configuration diagram illustrating a memory
system in accordance with an embodiment of the present
invention.

FIG. 4 is a configuration diagram illustrating a memory in
accordance with another embodiment of the present inven-
tion.

FIG. 5 is a detailed diagram illustrating a bit line selection
unit shown in FIG. 4.

FIG. 6 is a detailed diagram illustrating a stored value
updating unit shown in FIG. 4.

FIG. 7 is a configuration diagram illustrating a memory
system in accordance with another embodiment of the present
invention.

FIG. 8 is a configuration diagram illustrating a memory in
accordance with another embodiment of the present inven-
tion.

FIG. 9 is a detailed diagram illustrating a stored value
updating unit shown in FIG. 8.

DETAILED DESCRIPTION

Various embodiments will be described below in more
detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the present invention to
those skilled in the art. Throughout the disclosure, reference
numerals correspond directly to the like parts in the various
figures and embodiments of the present invention. It is also
noted that in this specification, “connected/coupled” refers to
one component not only directly coupling another component
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but also indirectly coupling another component through an
intermediate component. In addition, a singular form may
include a plural form as long as it is not specifically men-
tioned in a sentence.

Hereinafter, a word line adjacent to a specific word line
may mean a word line, which is disposed closer to the specific
word line than a predetermined distance. At this time, the
number of word lines disposed between the specific word line
and the adjacent word line may be equal to or less than a
predetermined number. The range of'a word line or word lines
adjacent to the specific word line may be changed according
to a design. Hereinbelow, descriptions will be made for the
case in which an adjacent word line is a word line, which is
disposed directly next to a specific word line (that is, the
number of word lines disposed between the specific word line
and the adjacent word line is 0).

FIG. 2 is a timing diagram explaining a special refresh
operation in a memory system.

A memory (not shown in FIG. 2) includes first to N word
lines (N is a natural number), and a memory controller (not
shown in FIG. 2) may supply various signals, such as a clock
signal CLK, command signals CMDs, addresses ADD<0: A>,
and data (not shown in FIG. 2) to the memory to controls the
memory. Hereinafter, the value of an address corresponding
to an L” word line (L is a natural number satisfying 1=<[.<N)
among the first to N” word lines will be denoted by ‘L.

The number of activations of a word line is equal to the
number of address inputs corresponding to the word lines,
which are inputted together with an active command from the
memory controller to the memory. For example, when the
memory controller inputs an address ‘15° for ten times
together with the active command, it represents that a 15”
word line has been activated ten times. Thus, the memory or
the memory controller determines whether a frequently acti-
vated word line is detected by counting the numbers of appli-
cations of the address corresponding to the word line, where
the frequently activated word line denotes a specific word line
activated more times than the reference number. The refer-
ence number may be a value that is determined internally of a
memory system or a value that is inputted from an external
source other than the memory system.

When a first specific address combination is inputted from
the memory controller together with a mode resistor set
(MRS) command MRS, the memory enters a special refresh
mode by MRS setting (‘entry’ setting). Furthermore, when a
second specific address combination is inputted together with
the MRS command MRS, the memory exits the special
refresh mode (“exit’ setting). Compensating for data degra-
dation by entering the special refresh mode through the MRS
command MRS and the specific address combination is for an
illustrative purpose only. For example, it may be possible to
control the memory to perform the compensating operation
using a newly defined signal or a combination of existing
signals according to a design.

In the special refresh mode, the memory controller oper-
ates the memory by the unit of a ‘compensation cycle’ includ-
ing an operation of inputting an address (hereinafter, referred
to as an excessive address) of which the number of input times
together with the active command is equal to or greater than
the reference number and an operation of activating word
lines, which are adjacent to a word line corresponding to the
excessive address. Hereinafter, descriptions will be made for
the case in which the address ‘L’ corresponding to the L
word line is the excessive address.

In each compensation cycle, a first active command ACT
and the excessive address L are inputted to the memory. After
a predetermined time lapses, a precharge command PRE is
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inputted to the memory. The memory activates the L” word
line in response to the active command ACT and the address
L, and deactivates the activated L word line in response to
the precharge command PRE.

Then, addresses L.+1 and [.-1 corresponding to word lines
adjacent to the L™ word line are sequentially inputted
together with the active command ACT. In FIG. 2, a second
active command ACT and the address [.+1 are inputted, and a
third active command ACT and the address [.-1 are inputted.
Accordingly, an L+1% word line and an L—1? word line of the
memory are sequentially activated. For reference, the input
order of the address L+1 and the address -1 may be
changed.

When the operation of activating the word lines adjacent to
the L™ word line is completed, the memory exits the special
refresh mode by the combination of the MRS command and
an address inputted from the memory controller.

When a certain word line is activated, the data of the
memory cells connected to the word line are refreshed. There-
fore, in the special refresh mode, by activating the word lines
adjacent to the word line corresponding to the excessive
address, it may be possible to substantially prevent data deg-
radation from occurring due to word line disturbance.

To perform the above-described special refresh operation,
it may be necessary to detect an excessive address. Hereafter,
descriptions will be made for a memory core circuit, which
stores the numbers of activation of respective word lines in
memory cells to detect an excessive address and may repair a
fail occurred in the memory cells storing the numbers of
activations of the respective word lines, a memory, and a
memory system.

FIG. 3 is a configuration diagram illustrating a memory
system in accordance with an embodiment of the present
invention.

Referring to FIG. 3, a memory system includes a memory
310 and a memory controller 320. The memory 310 includes
a first cell array CAl including a plurality of first memory
cells (shown in FIG. 4), which are connected to first to N
word lines WL.1to WLN, and a second cell array CA2 includ-
ing a plurality of second memory cells (shown in FIG. 4),
which are connected to the first to N* word lines WL1 to
WLN, are connected to first to M? bit lines BL1 to BLM. A
group of the plurality of the plurality of second memory cells
connected to a corresponding word line among the first to N
word lines WL1 to WLN stores the numbers of activations of
the corresponding word line connected when the bit lines BLL1
to BLM are selected. The memory 310 may generate an alert
signal ALERT when any of the numbers of activation of the
first to N” word lines WL1 to WLN is equal to or greater than
a reference number. The memory 310 further includes a bit
line selection unit BS, which selects at least one bit line
among the first to M? bit lines BL1 to BLM in response to
repair information REPAIR<0:B>. The memory controller
320 may supply an excessive address corresponding to a word
line (i.e., the frequently activated word line) of which the
number of activation is equal to or greater than the reference
number, among the first to N word lines WL1 to WLN, and
at least one adjacent address with a value adjacent to the
excessive address to the memory 310. For example, in the
case where an excessive address corresponding to a word line
of which the number of activation is equal to or greater than
the reference number is ‘5°; adjacent addresses may have a
value of ‘4’ or ‘6°.

For reference, the memory controller 320 inputs command
signals including a chip select signal CSB, an active signal
ACTB, a row address strobe signal RASB, a column address
strobe signal CASB and a write enable signal WEB to the
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memory 310. Supplying of a specific command from the
memory controller 320 to the memory 310 suggests that a
combination of the command signals CSB, ACTB, RASB,
CASB and WEB corresponds to the specific command. For
example, the fact that the memory controller 320 supplies an
active command to the memory 310 means that a combination
of the command signals CSB, ACTB, RASB, CASB and
WEB supplied by the memory controller 320 to the memory
310 corresponds to the active command. A command decoder
(not shown in FIG. 3) included in the memory 310 decodes
the command signals CSB, ACTB, RASB, CASB and WEB
and generates a command internally of the memory 310.
Also, the memory controller 320 supplies an address ADD<0:
A>, data DATA, and so forth to the memory 310 in addition to
the plurality of command signals CSB, ACTB, RASB, CASB
and WEB, for operations of the memory 310.

Hereatfter, the special refresh mode represents an operation
mode in which a word line adjacent to a word line with the
number of activations equal to or greater than the reference
number is activated, and the data of a plurality of memory
cells connected to the word line adjacent to the word line with
the number of activations equal to or greater than the refer-
ence number are refreshed.

The memory system will be described below in detail with
reference to FIG. 3.

The first cell array CAl includes the plurality of first
memory cells, which are connected to the first to N* word
lines WL 1 to WLN. The first memory cells are memory cells
suitable for storing general data, which are inputted to and
outputted from the memory 310. The second cell array CA2
includes the plurality of second memory cells, which are
connected to the first to N word lines WL1 to WLN in a row
direction and are connected to the first to M? bit lines BL1 to
BLM in a column direction. In memory cells among the
plurality of second memory cells, which are connected to
selected bit lines, there are stored the number of activations of
a word line among the first to N* word lines WL1 to WLN,
which is connected to the memory cells. For example, when
first to L” (1<L.<M) bit lines BL1I to BLL are selected among
the first to M? bit lines BL1 to BLM, the number of activa-
tions of a K word line WLK is stored in second memory
cells, which are connected to the first to L? bit lines BL1 to
BLL, among a plurality of second memory cells, which are
connected to the K” word line WLK.

Bit lines may be selected by the repair information
REPAIR<0:B>, which is stored in the memory 310. The
repair information REPAIR<0:B> may provide information
indicating in which bit line among the first to M bit lines
BL1 to BLM a fall has occurred, and may provide information
for selecting bit lines in which no fail has occurred among the
first to M” bit lines BL1 to BLM. To generate the repair
information REPAIR<0:B>, the memory 310 may detect a bit
line among the first to M” bit lines BL1 to BLM in which a fail
has occurred through a test operation. The bit line selection
unit BS included in the memory 310 stores information des-
ignating a bit line for which it is determined through a test that
a fail has occurred as the repair information REPAIR<0:B>,
selects at least one bit line among the first to M* bit lines BL1
to BLM in which a fail has not occurred by using such repair
information REPAIR<0:B>, and stores the number of activa-
tions of a word line in second memory cells, which are con-
nected to the selected bit line.

An occurrence of fail in a bit line suggests that a fail has
occurred in a second memory cell connected to the bit line or
a fail has occurred in the bit line itself or a peripheral circuit
of the bit line so that an operation for writing data in the
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second memory cell connected to the corresponding bit line
or reading data from the second memory cell may not be
normally performed.

Hereinbelow, a method for the memory 310 to store the
numbers of activations of the first to N* word lines WL1 to
WLN in the second cell array CA2 and update values stored
in the second cell array CA2 will be described.

The memory 310 decodes the plurality of command signals
CSB, ACTB, RASB, CASB and WEB, which are supplied
from the memory controller 320, and generates an active
command for activating a word line, a precharge command
for precharging a word line, a refresh command for perform-
ing a refresh operation for a memory cell, a read command for
reading data of a memory cell, a write command for writing
data in a memory cell, and an MRS (mode register set) com-
mand for setting a mode register set.

The memory 310 updates a value stored in a second
memory cell, which is connected to at least one selected bit
line, among a plurality of second memory cells connected to
anactivated word line. In detail, the memory 310 (1) increases
avalue stored in a second memory cell, which is connected to
at least one selected bit line, among a plurality of second
memory cells connected to an activated word line, in the case
ofactivating a word line corresponding to an address ADD<O0:
A> based on an active command, and (2) initializes a value
stored in a second memory cell, which is connected to at least
one selected bit line, among a plurality of second memory
cells connected to an activated word line, in the case of
performing a normal refresh operation or a special refresh
operation. Initialization means that a value stored in a second
memory cell, which is connected to at least one selected bit
line (that is, the stored number of activations of a word line) is
controlled to have a value corresponding to when the number
of activations is 0.

(1) Case of Increasing a Value Stored in a Second Memory
Cell, which is Connected to at Least One Selected Bit Line

To perform the special refresh operation described above
with reference to FIG. 2, it may be necessary to detect an
excessive address. Therefore, the numbers of activations of
respective word lines should be counted in response to the
active command. Accordingly, when a word line correspond-
ing to an address ADD<0:A> is activated in response to the
active command, the memory 310 increases a value stored in
a second memory cell, which is connected to at least one bit
line, among a plurality of second memory cells connected to
the word line.

In detail, since a plurality of first memory cells and a
plurality of second memory cells, which are connected to the
activated word line are connected to bit lines corresponding to
them, data are transferred between memory cells connected to
the activated word line and the bit lines. A value stored in
second memory cells connected to one or more selected bit
lines among the plurality of second memory cells corre-
sponds to a value acquired by converting the number of acti-
vations of the word line to which the second memory cells are
connected into a binary number. Thus, the memory 310
increases the binary value outputted from the second memory
cells connected to the one or more selected bit lines among the
plurality of second memory cells, which are connected to the
activated word line, by ‘1’ in response to the active command,
and stores the increased value in the corresponding second
memory cells. As a consequence, each time a word line is
activated in response to the active command, the binary value
stored in the second memory cells connected to the one or
more selected bit lines among the plurality of second memory
cells, which are connected to the activated word line, is
increased by “1°.
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Furthermore, in the case where the value stored in the
plurality of second memory cells connected to the activated
word line is equal to or greater than the reference number, the
memory 310 activates the alert signal ALERT, which notifies
that it may be necessary to perform the special refresh opera-
tion. The memory 310 may store the address ADD<0:A>,
which is supplied to the memory 310 when the alert signal
ALERT is activated.

When the alert signal ALERT is activated, the memory
controller 320 may control the memory 310 to perform the
special refresh operation described above in detail with ref-
erence to FIG. 2. The memory controller 320 may control the
memory 310 to enter the special refresh mode immediately
when the alert signal ALERT is activated, or may control the
memory 310 to enter the special refresh mode when a preset
time lapses after the alert signal ALERT is activated. The
memory 310 operates in the special refresh mode from a time
when it enters the special refresh mode to a time when it exits
the special refresh mode.

(2) Case of Initializing a Value Stored in a Second Memory
Cell, which is Connected to at Least One Selected Bit Line

When the memory 310 refreshes the data of a plurality of
first memory cells that are connected to a word line activated
among the first to N* word lines WL1 to WLN included in the
memory 310 in the normal refresh operation, the numbers of
activations of respective word lines should be re-counted
from initial states, and a word line of which the number of
activations is equal to or greater than the reference number
should be detected. Also, when a specific word line is acti-
vated over the reference number, and thus, the special refresh
operation is performed for a word line adjacent to the specific
word line, the number of activations of the specific word line
should be re-counted from an initial state, and a word line of
which the number of activations is equal to or greater than the
reference number should be detected.

Therefore, when the data of a plurality of first memory cells
connected to an activated word line are refreshed in the nor-
mal refresh operation or the special refresh operation, the
memory 310 initializes a value stored in second memory
cells, which are connected to one or more selected bit lines,
among the plurality of second memory cells, which are con-
nected to the activated word line.

For reference, the reason to initialize a value stored in
second memory cells, which are connected to one or more
selected bit lines, among the plurality of second memory
cells, which are connected to the activated word line, in the
normal refresh operation, resides in that, since a plurality of
word lines are sequentially activated in the normal refresh
operation, a word line adjacent to an activated word line is
immediately activated and the data of a plurality of first
memory cells, which are connected to the adjacent word line
are refreshed, and, therefore, because word line disturbance
does not occur, it may not be necessary to immediately per-
form the special refresh operation.

In detail, in the normal refresh operation, the memory 310
initializes a value outputted from second memory cells,
which are connected to one or more selected bit lines, among
the plurality of second memory cells, which are connected to
the activated word line, to *0’, and stores the initialized value
in the corresponding second memory cells. Also, in the spe-
cial refresh operation, the memory 310 initializes a value
outputted from second memory cells, which are connected to
one or more selected bit lines, among the plurality of second
memory cells, which are connected to a first activated word
line (a word line corresponding to an excessive word line) in
the compensation cycle, to ‘0’ and stores the initialized value
in the corresponding second memory cells.
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Operations of the memory system in the special refresh
operation will be described below with reference to FIG. 3.

When the alert signal ALERT is activated, the memory
controller 320 controls the memory 310 to enter the special
refresh mode by a combination of the plurality of command
signals CSB, ACTB, RASB, CASB and WEB and the address
ADD<0:A>. If the memory 310 enters the special refresh
mode, the memory controller 320 sequentially supplies an
excessive address L and addresses L+1 and -1 correspond-
ing to word lines adjacent to a word line corresponding to the
excessive address L, along with the active command ACT.
The memory 310 activates the L word line WLL, the L+1%
word line WLL+1 and the L-1% word line WLL-1, which
respectively correspond to the addresses L, L+1 and L-1, in
response to the active command ACT. When the special
refresh operation is completed, the memory controller 320
controls the memory 310 to exit the special refresh mode by
a combination of the plurality of command signals CSB,
ACTB, RASB, CASB and WEB and the address ADD<0: A>.
The memory 310 may also automatically exit the special
refresh mode when the three active operations are completed.

In the memory system in accordance with the embodiment
of'the present invention, the numbers of activation of respec-
tive word lines are stored using memory cells, which are
connected to the corresponding word lines. At this time, inthe
case where a fail occurs in a memory cell, which stores the
number of activation of a word line or a bit line to which such
amemory cell is connected, the special refresh operation may
not be properly performed. Therefore, in the memory system
in accordance with the embodiment of the present invention,
redundancies are provided in memory cells for storing the
numbers of activations of word lines and bit lines to which the
memory cells are connected, a bit line (or a memory cell) in
which a fail has occurred is detected through a test, and the
numbers of activations of the word lines are stored in memory
cells, which are connected to bit lines excluding the detected
bit line, whereby the special refresh operation may be nor-
mally performed.

FIG. 4 is a configuration diagram illustrating the memory
310 in accordance with another embodiment of the present
invention.

Referring to FIG. 4, the memory 310 includes a first cell
array CAl including a plurality of first memory cells C1,
which are connected to first to N* word lines WL1 to WLN,
a bit line selection unit BS that may select at least one bit line
among first to M? bit lines BL1 to BLM in response to repair
information REPAIR<0:B>, a second cell array CA2 includ-
ing a plurality of second memory cells C2, which are con-
nected to first to N” word lines WL1 to WLN, are connected
to the first to M™ bit lines BL1 to BLM and store the numbers
of activation of word lines connected to them among the first
to N” word lines WL1 to WLN when bit lines connected to
them are selected, an activation number update unit 410 that
may update a value stored in the second memory cell C2,
which is connected to the at least one selected bit line, among
a plurality of second memory cells C2 connected to a word
line activated among the first to N* word lines WL1 to WLN,
an alert signal generation unit 420 that may activate an alert
signal ALERT when the number of activation of a word line
corresponding to an address ADD<0:A> stored in a second
memory cell C2, which is connected to the at least one bit line,
among the plurality of second memory cells C2 connected to
aword line corresponding to the address ADD<0:A>, is equal
to or greater than a reference number, and an address storage
unit430 that may store the address ADD<0: A>when the alert
signal ALERT is activated.
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The memory 310 may further include a storage unit 470
configured to store the repair information REPAIR<0:B>.
The storage unit 470 configured to store the repair informa-
tion REPAIR<0:B> may include a plurality of fuses.

Further, the memory 310 includes a command decoder 440
that may decode the command signals CSB, ACTB, RASB,
CASB and WEB inputted from the memory controller 320
and may generate an active command ACT, a precharge com-
mand (not shown in FIG. 4), a refresh command REF, a read
command (not shown in FIG. 4), a write command (not shown
in FIG. 4), an MRS command (not shown in FIG. 4), and so
forth. The memory 310 also includes the first to M? bit lines
BL1 to BLM connected to respective memory cells, a row
control unit 450 that may control row operations of the cell
arrays CAl and CA2, and a column control unit 460 that may
control column operations of the first cell array CAl.

The memory 310 will be described below in detail with
reference to FIG. 4.

Data to be inputted to and outputted from the memory 310
are stored in the first cell array CAl, and the numbers of
activations of the first to N* word lines WL1 to WLN are
stored in the second cell array CA2. The row control unit 450
performs an operation of activating at least one word line
among the first to N” word lines WL1 to WLN when the
active command ACT, the refresh command REF, and so forth
are supplied thereto, and the column control unit 460 per-
forms an operation necessary to read data from a plurality of
first memory cells, which are connected to an activated word
line or write data in a plurality of first memory cells, which are
connected to an activated word line. Since operations of read-
ing and writing data from and to the first cell array CA1 are
generally known in the art and are not directly associated with
the embodiment of the present invention, detailed descrip-
tions thereof will be omitted herein.

The bit line selection unit BS transfers a value
SEL_OUT<0:C> (1=C=M) outputted from one or more bit
lines selected among the first to M bit lines BL1 to BLM to
the activation number update unit 410 in response to the repair
information REPAIR<0:B>, and transfers a value
SEL_IN<0:C> outputted from the activation time number
update unit 410 to the one or more selected bit lines.

The activation time number update unit 410 updates a value
stored in second memory cells which are connected to the one
or more selected bit lines, among a plurality of second
memory cells which are connected to the activated word line.
(1) In the case where a word line corresponding to an address
ADD<0:A> is activated in response to the active command
ACT, the activation number update unit 410 increases a value
stored in second memory cells, which are connected to one or
more selected bit lines, among a plurality of second memory
cells, which are connected to the activated word line. (2) In
the case where a word line is activated by performing the
normal refresh operation or the special refresh operation, the
activation number update unit 410 initializes a value stored in
second memory cells, which are connected to one or more
selected bit lines, among a plurality of second memory cells,
which are connected to the activated word line. Initialization
means that the number of activations stored in the second
memory cells, which are connected to the one or more
selected bit lines is set to ‘0’.

(1) Case of Increasing a Value Stored in Second Memory
Cells C2, which are Connected to One or More Selected Bit
Lines

The activation number update unit 410 reads a value stored
in a plurality of second memory cells C2, which are con-
nected to an activated word line, when a predetermined time
(a first time) has lapsed after the active command ACT is
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supplied. The bit line selection unit BS transfers a value
stored in second memory cells C2, which are connected to
one or more selected bit lines, in the read value, to the acti-
vation number update unit 410. The activation number update
unit410 increases a transferred value SEL._OUT<0:C>by ‘1°
and transfers an increased value SEL,_IN<0:C> to the bit line
selection unit BS. The increased value SEL._IN<0:C> trans-
ferred to the bit line selection unit BS is written in the second
memory cells C2, which are connected to the one or more
selected bit lines, among the second memory cells C2, which
are connected to the activated word line.

(2) Case of Initializing a Value Stored in Second Memory
Cells C2, which are Connected to One or More Selected Bit
Lines

In the case where the memory 310 performs the normal
refresh operation, the activation number update unit 410 reads
avalue stored in a plurality of second memory cells C2, which
are connected to an activated word line, in response to the
refresh command REF. The bit line selection unit BS transfers
a value stored in second memory cells C2, which are con-
nected to one or more selected bit lines, in the read value, to
the activation number update unit 410. The activation number
update unit 410 initializes a transferred value SEL,_OUT<0:
C> to an initial value (for example, ‘0’) and transfers an
initialized value SEL_IN<0:C> to the bit line selection unit
BS. The initialized value SEL._IN<0:C> transferred to the bit
line selection unit BS is written in the second memory cells
C2, which are connected to the one or more selected bit lines,
among the second memory cells C2, which are connected to
the activated word line.

Moreover, in the case where the memory 310 performs the
special refresh operation, the activation number update unit
410 reads a value stored in a plurality of second memory cells
C2 which are connected to an activated word line, in response
to the active command ACT. The bit line selection unit BS
transfers a value stored in second memory cells C2, which are
connected to one or more selected bit lines, in the read value,
to the activation number update unit 410. The activation num-
ber update unit 410 initializes a transferred value
SEL_OUT<0:C> to an initial value (for example, ‘0’) and
transfers an initialized value SEL_IN<0:C> to the bit line
selection unit BS. The initialized value SEL,_IN<0:C> trans-
ferred to the bit line selection unit BS is written in the second
memory cells C2, which are connected to the one or more
selected bit lines, among the second memory cells C2, which
are connected to the activated word line.

For the above-described operations, the activation number
update unit 410 includes a transfer signal generating unit 411
and a stored value updating unit 412.

The transfer signal generating unit 411 may activate a first
transfer signal SELF_RD in response to the active command
ACT or the refresh command REF, and may activate a second
transfer signal SELF_WT when a predetermined time lapses
after the first transfer signal SELF_RD is activated.

In detail, the transfer signal generating unit 411 activates
the first transfer signal SELF_RD after a first time lapses from
a time when the active command ACT or the refresh com-
mand REF is supplied from the command decoder 440. The
first time may be tRCD (RAS to CAS delay: a time during
which charges of abit line BL are sufficiently distributed after
a RAS signal is activated and a bit line sense amplifier ampli-
fies the data of the bit line BL). Next, the transfer signal
generating unit 411 activates the second transfer signal
SELF_WT after a second time lapses from a time when the
first transfer signal SELF_RD is activated. The second time
may be a time, which is required until a value outputted from
second memory cells C2 connected to one or more selected
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bit lines among a plurality of second memory cells C2 con-
nected to an activated word line is completely updated by the
stored value updating unit 412.

For these operations, the transfer signal generating unit411
includes a first transfer signal generation unit 411 A that may
delay the active command ACT or the refresh command REF
by the first time and generate the first transfer signal SEL-
F_RD, and a second transfer signal generation unit 411B that
may delay the first transfer signal SELF_RD by the second
time and generate the second transfer signal SELF_WT. The
first transfer signal generation unit 411A and the second
transfer signal generation unit 411B may delay their inputs in
synchronization with a clock signal or may delay their inputs
in desynchronization with a clock signal.

The bit line selection unit BS selects one or more bit lines
among the first to M bit lines BL1 to BLM in response to the
repair information REPAIR<0:B>, and transfers the value
SEL_OUT<0:C> outputted from the second memory cells
C2 which are connected to the one or more selected bit lines,
among the plurality of second memory cells C2 which are
connected to the activated word line, to the stored value
updating unit 412. The stored value updating unit 412
receives and updates the value SEL_OUT<0:C> transferred
from the bit line selection unit BS, in response to the first
transfer signal SELF_RD, and transfers the updated value
SEL_IN<0:C> to the bit line selection unit BS in response to
the second transfer signal SELF_WT. The bit line selection
unit BS transfers the updated value SEL,_IN<0:C> to the one
or more bit lines selected among the first to M™ bit lines BL1
to BLM in response to the repair information REPAIR<0:B>.
Accordingly, the updated value SEL._IN<0:C> is written in
the second memory cells C2 which are connected to the one or
more selected bit lines, among the plurality of second
memory cells C2 which are connected to the activated word
line.

For reference, the value SEL_OUT<0:C> represents a
value which is outputted from one or more bit lines selected
among the first to M™ bit lines BL1 to BLM and is transferred
from the bit line selection unit BS to the stored value updating
unit412. The value SEL._IN<0:C>represents a value which is
inputted to one or more bit lines selected among the first to
M bit lines BL1 to BLM and is transferred from the stored
value updating unit 412 to the bit line selection unit BS.

In detail, (1) when a word line corresponding to an address
ADD<0:A> is activated in response to the active command
ACT, a value outputted from a plurality of second memory
cells C2 which are connected to the activated word line is
transferred to the bit line selection unit BS. The bit line
selection unit BS transfers a value transferred through one or
more bit lines selected among the first to M™ bit lines BL1 to
BLM, to the stored value updating unit 412. The stored value
updating unit 412 receives the value transferred from the bit
line selection unit BS when the first transfer signal SELF_RD
is activated, and internally increases the value by ‘1°. The
stored value updating unit 412 transfers the increased value to
the bit line selection unit BS when the second transfer signal
SELF_WT is activated. The bit line selection unit BS trans-
fers the value transferred from the stored value updating unit
412 to the one or more bit lines selected among the first to M
bit lines BL1 to BLM. The transferred value is written in
second memory cells C2, which are connected to the one or
more selected bit lines, among the plurality of second
memory cells C2, which are connected to the activated word
line.

Also, (2) in the normal refresh operation or the special
refresh operation, the stored value updating unit 412 initial-
izes a value transferred from the bit line selection unit BS and
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transfers the initialized value to the bit line selection unit BS.
A way for the bit line selection unit BS to transfer a signal is
the same as described above.

In the normal refresh operation, if the first transfer signal
SELF_RD is activated when the first time lapses after the
refresh command REF is activated, the stored value updating
unit 412 receives a value transferred from the bit line selection
unit BS. The stored value updating unit 412 initializes the
transferred value to an initial value in response to a refresh
signal REFPW, which is activated for tRFC as a refresh time
during one cycle. The stored value updating unit 412 transfers
the initial value to the bit line selection unit BS when the
second transfer signal SELF_WT is activated.

In the special refresh operation, when a word line corre-
sponding to an address ADD<0: A>is activated in response to
the active command ACT, ifthe first transfer signal SELF_RD
is activated when the first time lapses after the active com-
mand REF is activated, the stored value updating unit 412
receives a value transferred from the bit line selection unit BS.
The stored value updating unit 412 initializes the transferred
value to an initial value in response to a special refresh signal
TRREN, which is activated in the special refresh operation.
The stored value updating unit 412 transfers the initial value
to the bit line selection unit BS when the second transfer
signal SELF_WT is activated.

When the value increased or updated by the stored value
updating unit 412 is stored in the second memory cells C2,
which are connected to the one or more selected bit lines,
among the plurality of second memory cells C2, which are
connected to the activated word line, the operation of count-
ing the numbers of activations of the word lines is completed.

The alert signal generation unit 420 compares a value
UP_OUT<0:C> updated by the stored value updating unit
412 with information REF<0:C> on the reference number,
and generates the alert signal ALERT based on the compari-
son result. The value UP_OUT<0:C> will be described later
in detail with reference to FIG. 5. In the case where
UP_OUT<0:C> has a value equal to or greater than REF<0:
C> (or in the case where UP_OUT<0:C> is larger than
REF<0:C>), since the number of activations of a word line is
equal to or greater than the reference number, the alert signal
ALERT is activated. In the case where UP_OUT<0:C> is
smaller than REF<0:C>, the alert signal ALERT is deacti-
vated. The information REF<0:C> on the reference number
may be a value that is set in advance in the memory 310 or a
value that is inputted from an external source other than the
memory 310 and is stored in the memory 310. The value may
be differently set according to operation circumstances of a
memory, performance of the memory, etc.

The alert signal ALERT may be transferred to the memory
controller 320. The memory controller 320 may control the
memory 310 to immediately perform the special refresh
operation when the alert signal ALERT is activated, or may
control the memory 310 to perform the special refresh opera-
tion when a predetermined time lapses after the alert signal
ALERT is activated.

The address storage unit 430 stores the address ADD<0:A>
when the alert signal ALERT is activated. That is to say, if the
alert signal ALERT is activated, the address storage unit 430
stores an address ADD<0:A>, which corresponds to a cur-
rently activated word line. Activation of the alert signal
ALERT suggests that the address ADD<0:A> corresponding
to the currently activated word line corresponds to the exces-
sive address. In the case of performing the special refresh
operation, since the memory controller 320 needs an exces-
sive address, the memory 310 stores the excessive address in
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the address storage unit 430 and may transfer the excessive
address to the memory controller 320 depending on certain
situations.

In the memory in accordance with the embodiment of the
present invention, the numbers of activations of respective
word lines are stored using memory cells, which are con-
nected to the corresponding word lines. At this time, when a
fall occurs in a memory cell, which stores the number of
activations of'a word line or a bit line to which such a memory
cell is connected, the special refresh operation may not be
properly performed. Therefore, in the memory in accordance
with the embodiment of the present invention, redundancies
are provided in memory cells for storing the numbers of
activations of word lines and bit lines to which the memory
cells are connected, a bit line (or a memory cell) in which a
fail has occurred is detected through a test, and the numbers of
activations of the word lines are stored in memory cells,
which are connected to bit lines excluding the detected bit
line, whereby the special refresh operation may be normally
performed.

FIG. 5 is a detailed diagram illustrating the bit line selec-
tion unit BS shown in FIG. 4.

Referring to FIG. 5, the bit line selection unit BS includes
a first selecting unit 510 and a second selecting unit 520. The
first selecting unit 510 may select one or more bit lines among
the first to M bit lines BL1 to BLM based on the repair
information REPAIR<0:B> and transfer a value transferred
through the one or more selected bit lines, as output informa-
tion SEL,_OUT<0:C>. The second selecting unit 520 may
select one or more bit lines among the first to M? bit lines BL1
to BLM based on the repair information REPAIR<0:B> and
transfer input information SEL._IN<Q:C> to the one or more
selected bit lines. The output information SEL._OUT<0:C>is
avalue, which is transferred from the bit line selection unit BS
to the stored value updating unit 412, and the input informa-
tion SEL_IN<0:C> is a value, which is transferred from the
stored value updating unit 412 to the bit line selection unit BS.

The repair information REPAIR<0:B> includes informa-
tion on the address of a bit line in which a fail has occurred.
The first selecting unit 510 selects one or more bit lines
among the first to M™ bit lines BL1 to BLM in which no fail
has occurred, based on the repair information REPAIR<0:B>,
and the second selecting unit 520 selects the same bit lines as
the first selecting unit 510.

FIG. 6 is a detailed diagram illustrating the stored value
updating unit 412 shown in FIG. 4.

Referring to FIG. 6, the stored value updating unit 412
includes an adding unit 620 that may increase a value inputted
through the input terminal thereof by a predetermined value
and output an increased value through the output terminal
thereof, a first transfer unit 610 that may transfer the value
SEL_OUT<0:C> outputted from the bit line selection unit BS
to the input terminal of the adding unit 620 when the first
transfer signal SELF_RD is activated, a second transfer unit
630 that may transfer the value outputted from the output
terminal ofthe adding unit 620 to the bit line selection unit BS
when the second transfer signal SELF_WT is activated, and a
transfer control unit 640 that may control the first transfer unit
610 and the second transfer unit 630 based on the first transfer
signal SELF_RD and the second transfer signal SELF_WT.

The stored value updating unit 412 will be described below
in detail with reference to FIG. 6.

The transfer control unit 640 generates a period signal
SELF_WTS and a strobe signal SELF_YT based on the first
transfer signal SELF_RD and the second transfer signal
SELF_WT. The period signal SELF_WTS is a signal, which
denotes a period in which a value stored in a second memory
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cell C2 connected to a currently activated word line is to be
outputted or a period in which an updated value is to be stored
in the second memory cell C2.

When the period signal SELF_WTS is activated (to a high
level), it represents a period in which an updated value is to be
stored in a second memory cell C2, and, when the period
signal SELF_WTS is deactivated (to alow level), it represents
a period in which a value stored in a second memory cell C2
connected to an activated word line is to be outputted. The
transfer control unit 640 deactivates the period signal SELF-
_WTS when the first transfer signal SELF_RD is activated,
and activates the period signal SELF_WTS when the second
transfer signal SELF_WT is activated. Also, the transfer con-
trol unit 640 activates the strobe signal SELF_YT for a pre-
determined period when the first transfer signal SELF_RD or
the second transfer signal SELF_WT is activated.

The first transfer unit 610 transfers the value SEL_OUT<O0:
C> transferred from the bit line selection unit BS as a signal
UP_IN<0:C> of the input terminal of the adding unit 620
when the first transfer signal SELF_RD is activated. In detail,
the first transfer unit 610 transfers the value SEL._OUT<0:
C>, which is selected by the bit line selection unit BS, in a
value outputted from a plurality of second memory cells C2,
which are connected to an activated word line, as the signal
UP_IN<0:C> of the input terminal of the adding unit 620,
based on the period signal SELF_WTS and the strobe signal
SELF_YI. The first transfer unit 610 transfers the value
SEL_OUT<0:C> transferred from the bit line selection unit
BS as the signal UP_IN<0:C> if the strobe signal SELF_YTis
activated when the period signal SELF_WTS is deactivated.

The adding unit 620 generates a value UP_OUT<0:C> by
adding the predetermined value to the value of the signal
UP_IN<0:C>, which is inputted to the input terminal thereof,
and outputs the value UP_OUT<0:C> through the output
terminal thereof. The adding unit 620 may be an adder gen-
erally known in the art, which generates a value by adding ‘1’
to an inputted value.

The second transfer unit 630 transfers the value
UP_OUT<0:C> as the value SEL._IN<0:C> to be transferred
to the bit line selection unit BS when the second transfer
signal SELF_WT is activated, or the second transfer unit 630
initializes the value SEL_IN<0:C>. In detail, the second
transfer unit 630 transfers the value UP_OUT<0:C> as the
value SEL,_IN<Q:C> if the strobe signal SELF_YT is acti-
vated when the period signal SELF_W'TS is activated when
both signals REFPW and TRREN described above with ref-
erence to FIG. 4 are deactivated. Conversely, the second
transfer unit 630 initializes the value SEL_IN<0:C>when the
strobe signal SELF_YT is activated when the period signal
SELF_WTS is activated when one of the two signals REFPW
and TRREN is activated.

A memory core circuit in accordance with an embodiment
of the present invention will be described below with refer-
ence back to FIG. 4.

Referring to FIG. 4, a memory core circuit includes a first
cell array CA1 including a plurality of first memory cells C1,
which are connected to first to N* word lines WL1 to WLN,
a bit line selection unit BS that may select at least one bit line
among first to M” bit lines BL1 to BLM based on repair
information REPAIR<0:B>, and a second cell array CA2
including a plurality of second memory cells C2, which are
connected to first to N word lines WL1 to WLN, are con-
nected to the first to M? bit lines BL1 to BLM and store the
numbers of activation of word lines connected to them among
the first to N* word lines WL1 to WLN when bit lines con-
nected to them are selected.
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A method for storing the numbers of activations of word
lines in the second cell array CA2 of the memory core circuit
and updating the numbers of activations of word lines is
substantially the same as described above with reference to
FIGS. 3 and 4.

In the memory core circuit in accordance with the embodi-
ment of the present invention, redundancies are provided in
memory cells for storing the numbers of activations of word
lines and bit lines to which the memory cells are connected, a
bit line (or a memory cell) in which a fail has occurred is
detected through a test, and the numbers of activations of the
word lines are stored in memory cells, which are connected to
bit lines excluding the detected bit line, whereby the special
refresh operation may be normally performed.

As is apparent from the above descriptions, in the embodi-
ment of the present invention, the numbers of activations of
respective word lines are counted by storing the numbers of
activation of the respective word lines in memory cells con-
nected to the respective word lines, and a fail occurred in the
memory cells storing the numbers of activations of the
respective word lines may be repaired, whereby it may be
possible to prevent the occurrence of a concern in counting
the numbers of activations of word lines.

FIG. 7 is a configuration diagram illustrating a memory
system in accordance with another embodiment of the present
invention.

Referring to FIG. 7, a memory system includes a memory
710 and a memory controller 720. The memory 710 includes
a first cell array CAl including a plurality of first memory
cells (shown in FIG. 8), which are connected to first to N
word lines WL1 to WLN, a second cell array CA?2 including
a plurality of second memory cells (shown in FIG. 8), which
are connected to the first to N word lines WL1 to WLN, are
connected to one or more bit lines BL2 and store the numbers
of activations of word lines connected to them among the first
to N” word lines WL1 to WLN, and a redundancy cell array
RCA including a plurality of redundancy memory cells
(shown in FIG. 8), which are connected to the first to N* word
lines WL1 to WLN, are connected to one or more redundancy
bit lines RBL for replacing one or more bit lines BL.2 and
store the numbers of activations of word lines connected to
them among the first to N” word lines WL1 to WLN when the
one or more bit lines BL.2 are replaced. The memory 710 may
generate an alert signal ALERT when any of the numbers of
activations of the first to N word lines WL1 to WLN is equal
to or greater than a reference number. The memory controller
720 may supply an excessive address corresponding to a word
line (i.e., the frequently activated word line) of which the
number of activations is equal to or greater than the reference
number, among the first to N word lines WL1 to WLN, and
at least one adjacent address with a value adjacent to the
excessive address to the memory 710. For example, when an
excessive address corresponding to a word line of which the
number of activations is equal to or greater than the reference
number is ‘5’ adjacent addresses may have a value of ‘4’ or
‘6.

For reference, the memory controller 720 inputs command
signals including a chip select signal CSB, an active signal
ACTB, a row address strobe signal RASB, a column address
strobe signal CASB, and a write enable signal WEB to the
memory 710. The fact that the memory controller 720 applies
a specific command to the memory 710 means that a combi-
nation of the command signals CSB, ACTB, RASB, CASB
and WEB corresponds to the specific command. For example,
application of an active command from the memory control-
ler 720 to the memory 710 suggests that a combination of the
command signals CSB, ACTB, RASB, CASB and WEB
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applied by the memory controller 720 to the memory 710
corresponds to the active command. A command decoder (not
shown in FIG. 7) included in the memory 710 decodes the
command signals CSB, ACTB, RASB, CASB and WEB and
internally generates a command of the memory 710. Also, the
memory controller 720 applies an address ADD<0:A>, data
DATA, and so forth to the memory 710 in addition to the
plurality of command signals CSB, ACTB, RASB, CASB
and WEB, for operations of the memory 710.

Hereafter, the special refresh mode represents an operation
mode in which a word line adjacent to a word line with the
number of activations equal to or greater than the reference
number is activated and the data of a plurality of memory cells
connected to the word line adjacent to the word line with the
number of activations equal to or greater than the reference
number are refreshed.

The memory system will be described below in detail with
reference to FIG. 7.

The first cell array CAl includes the plurality of first
memory cells, which are connected to the first to N* word
lines WL 1 to WLN. The first memory cells are memory cells
for storing general data, which are inputted to and outputted
from the memory 710. The second cell array CA2 includes the
plurality of second memory cells, which are connected to the
first to N” word lines WL1 to WLN in a row direction and are
connected to the one or more bit lines BL2 in a column
direction. The redundancy cell array RCA includes the plu-
rality of redundancy memory cells, which are connected to
the first to N? word lines WL1 to WLN in the row direction
and are connected to the one or more redundancy bit lines
RBL forreplacing the one or more bit lines BL.2 in the column
direction. When one or more bit lines BL2 are not replaced,
the number of activations of a K word line WLK is stored in
a plurality of second memory cells, which are connected to
the K word line WLK, and, when one or more bit lines BL2
are replaced, the number of activations of the K word line
WLK is stored in a plurality of redundancy memory cells,
which are connected to the K” word line WLK.

The memory 710 checks whether there is a failed bit line
among the one or more bit lines BL2, through a test operation,
and stores whether the one or more bit lines BL2 are failed or
not according to a test result. When a fail does not occur in the
one or more bit lines BL.2, the memory 710 does not replace
the one or more bit lines BL2 and stores the numbers of
activations of the word lines in the plurality of second
memory cells, which are connected to the word lines. Con-
versely, when falls occur in the one or more bit lines BL.2, the
memory 710 replaces the one or more bit lines BL.2 and stores
the numbers of activation of the word lines in the plurality of
redundancy memory cells, which are connected to the word
lines.

An occurrence of fail in a bit line suggests that a fail has
occurred in a second memory cell connected to the bit line or
a fail has occurred in the bit line itself or a peripheral circuit
of the bit line so that an operation for writing data in the
second memory cell connected to the corresponding bit line
or reading data from the second memory cell may not be
normally performed.

Hereinbelow, an exemplary process for the memory 710 to
store the numbers of activations of the first to N word lines
WL1 to WLN in the second cell array CA2 or the redundancy
cell array RCA and update the values stored in the second cell
array CA2 or the redundancy cell array RCA will be
described.

The memory 710 decodes the plurality of command signals
CSB, ACTB, RASB, CASB and WEB, which are applied
from the memory controller 720, and generates an active
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command for activating a word line, a precharge command
for precharging a word line, a refresh command for perform-
ing a normal refresh operation for a memory cell, a read
command for reading data of a memory cell, a write com-
mand for writing data in a memory cell, and an MRS (mode
register set) command for setting a mode register set.

The memory 710 updates a value stored in a plurality of
second memory cells, which are connected to an activated
word line, and, in the case where at least one bit line BL2 is
replaced, the memory 710 updates a value stored in a plurality
of redundancy memory cells, which are connected to an acti-
vated word line. In detail, the memory 710 (1) increases a
value stored in a plurality of second memory cells connected
to an activated word line (or increases a value stored in a
plurality of redundancy memory cells connected to an acti-
vated word line when at least one bit line BL.2 is replaced), in
the case of activating a word line corresponding to an address
ADD<0:A> based on an active command, and (2) initializes
avalue stored in a plurality of second memory cells connected
to an activated word line (or initializes a value stored in a
plurality of redundancy memory cells connected to an acti-
vated word line when at least one bit line BL.2 is replaced), in
the case of performing a normal refresh operation or a special
refresh operation. Initialization means that a value (that is, the
stored number of activations of a word line) stored in second
memory cells or redundancy memory cells, which are con-
nected to one or more selected bit lines is controlled to have a
value corresponding to when the number of activations is 0.

(1) Case of Increasing a Value Stored in a Plurality of
Second Memory Cells or a Plurality of Redundancy Memory
Cells

To perform the special refresh operation described above
with reference to FIG. 2, it may be necessary to detect an
excessive address. Therefore, the numbers of activations of
respective word lines should be counted based on the active
command. Accordingly, when a word line corresponding to
an address ADD<0:A> is activated based on the active com-
mand, the memory 710 increases a value stored in a plurality
of'second memory cells, which are connected to the activated
word line. When at least one bit line BL2 is replaced, the
memory 710 increases a value stored in a plurality of redun-
dancy memory cells, which are connected to the activated
word line.

In detail, since a plurality of second memory cells and a
plurality of redundancy memory cells, which are connected to
the activated word line are electrically connected to the bit
lines BL2 and the redundancy bit lines RBL corresponding to
them, data are transferred between the second memory cells
and the redundancy memory cells connected to the activated
word line and the bit lines BL.2 and the redundancy bit lines
RBL. The memory 710 increases the value outputted from the
plurality of second memory cells connected to the activated
word line by ‘1’ based on the active command, and stores the
increased value in the plurality of second memory cells,
which are connected to the activated word line. That is to say,
since the value stored in the plurality of second memory cells
is increased by ‘1’ each time a word line connected to them is
activated, the value becomes a binary value corresponding to
the number of activations of the word line. When at least one
bit line BL.2 is replaced, the memory 710 increases the value
outputted from the plurality of redundancy memory cells
connected to the activated word line by ‘1’ based on the active
command, and stores the increased value in the plurality of
redundancy memory cells, which are connected to the acti-
vated word line. Accordingly, in this case, the value stored in
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the plurality of redundancy memory cells becomes a binary
value corresponding to the number of activations of the word
line connected to them.

Further, when the value stored in the plurality of second
memory cells connected to the activated word line is equal to
or greater than the reference number or the value stored in the
plurality of redundancy memory cells connected to the acti-
vated word line when at least one bit line BL2 is replaced is
equal to or greater than the reference number, the memory
710 activates the alert signal ALERT, which notifies that it
may be necessary to perform the special refresh operation.
The memory 710 may store the address ADD<0: A>, which is
supplied to the memory 710 when the alert signal ALERT is
activated.

When the alert signal ALERT is activated, the memory
controller 720 may control the memory 710 to perform the
special refresh operation described above in detail with ref-
erence to FIG. 2. The memory controller 720 may control the
memory 710 to enter the special refresh mode immediately
when the alert signal ALERT is activated, or may control the
memory 710 to enter the special refresh mode when a preset
time lapses after the alert signal ALERT is activated. The
memory 710 operates in the special refresh mode from a time
when it enters the special refresh mode to a time when it exits
the special refresh mode.

(2) Case of Initializing a Value Stored in a Plurality of
Second Memory Cell or a Plurality of Redundancy Memory
Cells

When the memory 710 refreshes the data of a plurality of
first memory cells, which are connected to a word line acti-
vated among the first to N word lines WL1 to WLN included
in the memory 710 in the normal refresh operation, the num-
bers of activations of respective word lines should be re-
counted from initial states, and a word line of which the
number of activations is equal to or greater than the reference
number should be detected. Also, when a specific word line is
activated over the reference number and thus the special
refresh operation is performed for a word line adjacent to the
specific word line, the number of activations of the specific
word line should be re-counted from an initial state, and a
word line of which the number of activations is equal to or
greater than the reference number should be detected.

Therefore, when the data of a plurality of first memory cells
connected to an activated word line are refreshed in the nor-
mal refresh operation or the special refresh operation, the
memory 710 initializes a value stored in the plurality of
second memory cells, which are connected to the activated
word line or a value stored in the plurality of redundancy
memory cells, which are connected to the activated word line
when at least one bit line BL2 is replaced.

For reference, the reason to initialize a value stored in the
plurality of second memory cells or the plurality of redun-
dancy memory cells, which are connected to the activated
word line, in the normal refresh operation, resides in that,
since a plurality of word lines are sequentially activated in the
normal refresh operation, a word line adjacent to an activated
word line is immediately activated and the data of a plurality
of first memory cells, which are connected to the adjacent
word line are refreshed, and, therefore, because word line
disturbance does not occur, it may be not necessary to imme-
diately perform the special refresh operation.

In detail, in the normal refresh operation, the memory 710
initializes a value outputted from the plurality of second
memory cells, which are connected to the activated word line,
to ‘0’, and stores the initialized value in the plurality of second
memory cells, which are connected to the activated word line.
When at least one bit line BL.2 is replaced, the memory 710
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initializes a value outputted from the plurality of redundancy
memory cells, which are connected to the activated word line,
to ‘0’, and stores the initialized value in the plurality of
redundancy memory cells, which are connected to the acti-
vated word line.

In the special refresh operation, the memory 710 initializes
a value outputted from the plurality of second memory cells,
which are connected to a first activated word line (a word line
corresponding to an excessive address) in a compensation
cycle, to ‘0’, and stores the initialized value in the plurality of
second memory cells, which are connected to the activated
word line. When at least one bit line BL2 is replaced, the
memory 710 initializes a value outputted from the plurality of
redundancy memory cells, which are connected to a first
activated word line (a word line corresponding to an excessive
address) in a compensation cycle, to ‘0, and stores the ini-
tialized value in the plurality of redundancy memory cells,
which are connected to the activated word line.

Operations of the memory system in the special refresh
operation will be described below with reference to FIG. 7.

When the alert signal ALERT is activated, the memory
controller 720 controls the memory 710 to enter the special
refresh mode by a combination of the plurality of command
signals CSB, ACTB, RASB, CASB and WEB and the address
ADD<0:A>. If the memory 710 enters the special refresh
mode, the memory controller 720 sequentially supplies an
excessive address L and addresses L.+1 and -1 correspond-
ing to word lines adjacent to a word line corresponding to the
excessive address L, along with the active command ACT.
The memory 710 activates the L” word line WLL, the L+1?
word line WLL+1 and the L-1?” word line WLL-1, which
respectively correspond to the addresses L, L+1 and [-1,
based on the active command ACT. When the special refresh
operation is completed, the memory controller 720 controls
the memory 710 to exit the special refresh mode by a combi-
nation of the plurality of command signals CSB, ACTB,
RASB, CASB and WEB and the address ADD<0:A>. The
memory 710 may also automatically exit the special refresh
mode when the three active operations are completed.

In the memory system in accordance with the embodiment
of'the present invention, the numbers of activations of respec-
tive word lines are stored using memory cells, which are
connected to the corresponding word lines. At this time, when
a fail occurs in a memory cell, which stores the number of
activations of'a word line or a bit line to which such a memory
cell is connected, the special refresh operation may not be
properly performed. Therefore, the memory system in accor-
dance with the embodiment of the present invention has bit
lines and memory cells for storing the numbers of activations
of word lines and redundancy bit lines and redundancy
memory cells for replacing bit lines or memory cells in which
fails occur, such that a bit line determined through a test to
have a fail is replaced with a redundancy bit line and the
number of activation of a word line is stored in redundancy
memory cells, whereby the special refresh operation may be
smoothly performed.

FIG. 8 is a configuration diagram illustrating the memory
710 in accordance with another embodiment of the present
invention.

Referring to FIG. 8, the memory 710 includes a first cell
array CAl including a plurality of first memory cells C1,
which are connected to first to N* word lines WL1 to WLN,
a second cell array CA2 including a plurality of second
memory cells C2, which are connected to the first to N* word
lines WL1 to WLN and are connected to one or more bit lines
BL2 and store the numbers of activations of word lines con-
nected to them among the first to N word lines WL1 to WLN,
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a redundancy cell array RCA including a plurality of redun-
dancy memory cells RC, which are connected to the first to
N”word lines WL 1 to WLN and are connected to one or more
redundancy bit lines RBL for replacing one or more bit lines
BL2 and store the numbers of activations of word lines con-
nected to them among the first to N* word lines WL1 to WLN
when the one or more bit lines BL.2 are replaced, an activation
number update unit 810 that may update a value stored in the
plurality of second memory cells C2, which are connected to
aword line activated among the first to N* word lines WL1 to
WLN and replace a value stored in the plurality of redun-
dancy memory cells RC, which are connected to an activated
word line when at least one bit line BL2 is replaced, an alert
signal generation unit 820 that may activate an alert signal
ALERT when the number of activation of a word line corre-
sponding to an address ADD<0: A> stored in the plurality of
second memory cells C2 connected to a word line corre-
sponding to the address ADD<0:A> or in the plurality of
redundancy memory cells RC connected to a word line cor-
responding to the address ADD<0:A>, is equal to or greater
than a reference number, and an address storage unit 830 that
may store the address ADD<0:A> when the alert signal
ALERT is activated.

Further, the memory 710 includes a command decoder 840
that may decode the command signals CSB, ACTB, RASB,
CASB and WEB inputted from the memory controller 720
and generate an active command ACT, a precharge command
(not shown in FIG. 8), a refresh command REF, a read com-
mand (not shown in FIG. 8), a write command (not shown in
FIG. 8), an MRS command (not shown in FIG. 8), and so
forth. The memory 710 also includes bit lines BL.1 and BL.2
and redundancy bit lines RBL connected to respective
memory cells, a row control unit 850 that may control row
operations of the cell arrays CA1 and CA2 and the redun-
dancy cell array RCA, and a column control unit 860 that may
control column operations of the first cell array CAl.

The memory 710 will be described below in detail with
reference to FIG. 8.

Data to be inputted to and outputted from the memory 710
are stored in the first cell array CAl, and the numbers of
activations of the first to N word lines WL1 to WLN are
stored in the second cell array CA2 or in the redundancy cell
array RCA when at least one bit line BL.2 is replaced. The row
control unit 850 activates at least one word line among the
first to N word lines WL 1 to WLN when the active command
ACT, the refresh command REF, and so forth are supplied
thereto. The column control unit 860 performs an operation
necessary to read and output data unitially or entirely from a
plurality of first memory cells C1, which are connected to an
activated word line or write data unitially or entirely in a
plurality of first memory cells C1, which are connected to an
activated word line. Since operations of reading and writing
data from and to the first cell array CAl, that is, a conven-
tional cell array for storing data, are generally known in the art
and are not directly associated with the embodiment of the
present invention, detailed descriptions thereof will be omit-
ted herein.

The activation number update unit 810 updates a value
stored in a plurality of second memory cells C2, which are
connected to an activated word line, and updates a value
stored in a plurality of redundancy memory cells RC, which
are connected to an activated word line when at least one bit
line BL.2 is replaced. (1) In the case of activating a word line
corresponding to an address ADD<0: A> based on the active
command ACT, the activation number update unit 810
increases a value stored in a plurality of second memory cells
C2, which are connected to an activated word line, and
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increases a value stored in a plurality of redundancy memory
cells RC, which are connected to an activated word line when
at least one bit line BL2 is replaced. (2) In the case of acti-
vating a word line while performing the normal refresh opera-
tion or the special refresh operation, the activation number
update unit 810 initializes a value stored in a plurality of
second memory cells C2, which are connected to an activated
word line, and initializes a value stored in a plurality of
redundancy memory cells RC, which are connected to an
activated word line when at least one bit line BL2 is replaced.
Initialization means that the number of activations stored in
the plurality of second memory cells C2 or the plurality of
redundancy memory cells RC, which are connected to the
activated word line is set to ‘0’.

(1) Case of Increasing a Value Stored in a Plurality of
Second Memory Cells C2 or a Plurality of Redundancy
Memory Cells RC, which are Connected to an Activated
Word Line

The activation number update unit 810 reads a value stored
in a plurality of second memory cells C2, which are con-
nected to an activated word line, when a predetermined time
(a first time) has lapsed after the active command ACT is
supplied. The activation number update unit 810 increases a
value RD_OUT<0:B> read from the plurality of second
memory cells C2 by ‘1” and transfers an increased value
WT_IN<0:B> to at least one bit line BL2. The value trans-
ferred to the at least one bit line BL.2 is written in the plurality
of second memory cells C2, which are connected to the acti-
vated word line.

When at least one bit line BL2 is replaced, the activation
number update unit 810 reads a value stored in the plurality of
redundancy memory cells RC, which are connected to an
activated word line, instead of a value stored in the plurality of
second memory cells C2, which are connected to the activated
word line, increases a read value RD_OUT<0:B>by ‘1°, and
transfers an increased value WT_IN<O:B> to at least one
redundancy bit line RBL. The value transferred to the at least
one redundancy bit line RBL is written in a plurality of
redundancy memory cells RC, which are connected to the
activated word line.

In detail, the activation number update unit 810 generates a
normal column signal NCOL and a redundancy column sig-
nal RCOL based on the active command ACT and a redun-
dancy signal RED. The redundancy signal RED represents
whether at least one bit line BL2 is replaced. When the redun-
dancy signal RED is deactivated, it represents that at least one
bit line BL.2 is not replaced, and, when the redundancy signal
RED is activated, it represents that at least one bit line BL2 is
replaced. When the redundancy signal RED is deactivated,
the activation number update unit 810 firstly activates the
normal column signal NCOL when a first time has lapsed
after the active command ACT is supplied, and secondly
activates the normal column signal NCOL when a second
time has lapsed after the normal column signal NCOL is
firstly activated. Furthermore, when the redundancy signal
RED is activated, the activation number update unit 810
firstly activates the redundancy column signal RCOL when a
first time has lapsed after the active command ACT is sup-
plied, and secondly activates the redundancy column signal
RCOL when a second time has lapsed after the redundancy
column signal RCOL is firstly activated.

In the case where the normal column signal NCOL s firstly
activated, the second cell array CA2 outputs the value stored
in the plurality of second memory cells C2, which are con-
nected to the activated word line, to at least one bit line BL2.
In the case where the normal column signal NCOL is sec-
ondly activated, the second cell array CA2 stores the value
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transferred to the at least one bit line BL.2, in the plurality of
second memory cells C2, which are connected to the activated
word line.

In the case where the redundancy column signal RCOL is
firstly activated, the redundancy cell array RCA outputs the
value stored in the plurality of redundancy memory cells RC,
which are connected to the activated word line, to at least one
redundancy bit line RBL. In the case where the redundancy
column signal RCOL is secondly activated, the redundancy
cell array RCA stores the value transferred to the at least one
redundancy bit line RBL, in the plurality of redundancy
memory cells RC, which are connected to the activated word
line.

(2) Case of Initializing a Value Stored in a Plurality of
Second Memory Cells C2 or a Plurality of Redundancy
Memory Cells RC, which are Connected to an Activated
Word Line

In the case where the memory 710 performs the normal
refresh operation, the activation number update unit 810 reads
avalue stored in a plurality of second memory cells C2, which
are connected to an activated word line, when a predeter-
mined time (a first time) has lapsed after the refresh command
REF is supplied. The activation number update unit 810 ini-
tializes a value RD_OUT<0:B> read from the plurality of
second memory cells C2, to an initial value (for example, ‘0’),
and transfers an initialized value WT_IN<0:B> to at least one
bit line BL2. The value transferred to the at least one bit line
BL2 is written in the plurality of second memory cells C2,
which are connected to the activated word line.

When at least one bit line BL2 is replaced, the activation
number update unit 810 reads a value stored in a plurality of
redundancy memory cells RC, which are connected to an
activated word line, instead of a plurality of second memory
cells C2, which are connected to an activated word line,
initializes a read value RD_OUT<0:B>to an initial value, and
transfers an initialized value WT _IN<0:B> to at least one
redundancy bit line RBL. The value transferred to the at least
one redundancy bit line RBL is written in the plurality of
redundancy memory cells RC, which are connected to the
activated word line.

Moreover, in the case where the memory 710 performs the
special refresh operation, the activation number update unit
810 reads a value stored in a plurality of second memory cells
C2, which are connected to a word line activated based on the
active command ACT, when a first time has lapsed after the
active command ACT is supplied. The activation number
update unit 810 initializes a value RD_OUT<0:B>read from
the plurality of second memory cells C2, to an initial value
(for example, ‘0’), and transfers an initialized value
WT_IN<0:B> to at least one bit line BL2. The value trans-
ferred to the at least one bit line BL.2 is written in the plurality
of second memory cells C2, which are connected to the acti-
vated word line. When at least one bit line BL2 is replaced, a
value stored in a plurality of redundancy memory cells RC,
which are connected to an activated word line is initialized in
substantially the same way as the case of performing the
normal refresh operation.

In detail, the activation number update unit 810 generates a
normal column signal NCOL and a redundancy column sig-
nal RCOL based on the active command ACT or the refresh
command REF and a redundancy signal RED. The procedure
for the activation number update unit 810 to generate the
normal column signal NCOL and the redundancy column
signal RCOL is substantially the same in the case where the
active command ACT is supplied and in the case where the
refresh command REF is supplied. The procedure for gener-
ating the normal column signal NCOL and the redundancy
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column signal RCOL in the case where the active command
ACT is supplied and operations performed by the second cell
array CA2 and the redundancy cell array RCA based on the
normal column signal NCOL and the redundancy column
signal RCOL are substantially the same as described above.

If the normal column signal NCOL is activated, the value
stored in the plurality of second memory cells C2 included in
the second cell array CA2 is updated, and, if the redundancy
column signal RCOL is activated, the value stored in the
plurality of redundancy memory cells RC included in the
redundancy cell array RCA is updated.

For the above-described operations, the activation number
update unit 810 includes a transfer signal generating unit 811
and a stored value updating unit 812.

The transfer signal generating unit 811 may activate a first
transfer signal SELF_RD based on the active command ACT
or the refresh command REF, and activate a second transfer
signal SELF_WT when a predetermined time lapses after the
first transfer signal SELF_RD is activated.

In detail, the transfer signal generating unit 811 activates
the first transfer signal SELF_RD after a first time lapses from
a time when the active command ACT or the refresh com-
mand REF is supplied from the command decoder 840. The
first time may be tRCD (RAS to CAS delay: a time during
which charges of a bitline BL are sufficiently distributed after
a RAS signal is activated and a bit line sense amplifier ampli-
fies the data of the bit line BL). Next, the transfer signal
generating unit 811 activates the second transfer signal
SELF_WT after a second time lapses from a time when the
first transfer signal SELF_RD is activated. The second time
may be a time, which is required until a value outputted from
a plurality of second memory cells C2 connected to an acti-
vated word line is completely updated by the stored value
updating unit 812.

For these operations, the transfer signal generating unit 811
includes a first transfer signal generation unit 811 A that may
delay the active command ACT or the refresh command REF
by the first time and generate the first transfer signal SEL-
F_RD, and a second transfer signal generation unit 811B that
may delay the first transfer signal SELF_RD by the second
time and generate the second transfer signal SELF_WT. The
first transfer signal generation unit 811A and the second
transfer signal generation unit 811B may delay their inputs in
synchronization with a clock signal or may delay their inputs
in desynchronization with a clock signal.

The stored value updating unit 812 may receive and update
avalue outputted from a plurality of second memory cells C2,
which are connected to an activated word line, based on to the
first transfer signal SELF_RD, and transfer an updated value
to the plurality of second memory cells C2, which are con-
nected to the activated word line, based on the second transfer
signal SELF_WT. When at least one bit line BL.2 is replaced,
the stored value updating unit 812 receives and updates a
value outputted from a plurality of redundancy memory cells
RC, which are connected to an activated word line, based on
to the first transfer signal SELF_RD, and transfers an updated
value to the plurality of redundancy memory cells RC, which
are connected to the activated word line, based on the second
transfer signal SELF_WT. The value RD_OUT<0:B> repre-
sents a value, which is outputted from a plurality of second
memory cells C2 or a plurality of redundancy memory cells
RC and is transferred to the stored value updating unit 812,
and the value WT_IN<0:B> represents a value, which is
transferred from the stored value updating unit 812 and is
inputted to a plurality of second memory cells C2 or a plural-
ity of redundancy memory cells RC connected to an activated
word line.
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In detail, (1) in the case of activating a word line corre-
sponding to an address ADD<0: A> based on the active com-
mand ACT, the stored value updating unit 812 activates the
normal column signal NCOL based on the active command
ACT and the deactivated redundancy signal RED. When the
normal column signal NCOL is firstly activated, if a value
outputted from a plurality of second memory cells C2 is
transferred based on the first transfer signal SELF_RD, the
value is increased by ‘1°, and, when the second transfer signal
SELF_WT is activated and the normal column signal NCOL
is secondly activated, an increased value is transferred to a
plurality of second memory cells C2, which are connected to
an activated word line.

Furthermore, the stored value updating unit 812 activates
the redundancy column signal RCOL based on the active
command ACT and the activated redundancy signal RED.
When the redundancy column signal RCOL is firstly acti-
vated, if a value outputted from a plurality of redundancy
memory cells RC is transferred based on the first transfer
signal SELF_RD, the value is increased by ‘1°, and, when the
second transfer signal SELF_WT is activated and the redun-
dancy column signal RCOL is secondly activated, an
increased value is transferred to a plurality of redundancy
memory cells RC, which are connected to an activated word
line.

(2) In the case of performing the normal refresh operation,
the stored value updating unit 812 activates the normal col-
umn signal NCOL based on the refresh command REF and
the deactivated redundancy signal RED, and initializes a
value transferred from a plurality of second memory cells C2,
which are connected to an activated word line. At this time, a
value transferred based on a refresh signal REFPW, which is
activated for ‘tRFC’ as a refresh time during one cycle is
initialized to an initial value. An initialized value is trans-
ferred to a plurality of second memory cells C2, which are
connected to an activated word line, based on the second
transfer signal SELF_WT and the normal column signal
NCOL.

In the case of performing the special refresh operation, the
stored value updating unit 812 activates the normal column
signal NCOL based on the active command ACT and the
deactivated redundancy signal RED, and initializes a value
transferred from a plurality of second memory cells C2,
which are connected to an activated word line, based on the
first transfer signal SELF_RD and the normal column signal
NCOL. At this time, a transferred value is initialized to an
initial value based on a special refresh signal TRREN, which
is activated during the special refresh operation. An initialized
value is transferred to a plurality of second memory cells C2,
which are connected to an activated word line, based on the
second transfer signal SELF_WT and the normal column
signal NCOL.

When the redundancy signal RED is activated, the stored
value updating unit 812 activates the redundancy column
signal RCOL instead of the normal column signal NCOL, a
value stored not in a plurality of second memory cells C2 but
in a plurality of redundancy memory cells RC is received and
initialized, and an initialized value is transferred to a plurality
of redundancy memory cells RC. This procedure is similar to
the procedure of increasing a value stored in a plurality of
redundancy memory cells RC and transferring an increased
value to the plurality of redundancy memory cells RC in the
case (1).

When a value increased or updated by the stored value
updating unit 812 is stored in a plurality of second memory
cells C2 or a plurality of redundancy memory cells RC, which
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are connected to an activated word line, the operation of
counting the numbers of activations of the word lines is com-
pleted.

The alert signal generation unit 820 compares a value
UP_OUT<0:B> with information REF<0:B> on the refer-
ence number, and generates the alert signal ALERT based on
the comparison result. For reference, a value UP_IN<0:B>is
avalue before being updated by the stored value updating unit
812, and the value UP_OUT<0:B> is a value after being
updated by the stored value updating unit 812. The value
UP_OUT<0:B>will be described later with reference to FIG.
9. In the case where the value UP_OUT<0:B> is equal to or
greater than the information REF<0:B> (or in the case where
the value UP_OUT<0:B> is greater than the information
REF<0:B>), since it corresponds to the case where the num-
ber of activations of a word line is equal to or greater than the
reference number, the alert signal ALERT is activated to alert
that data are likely to be degraded due to word line distur-
bance. In the case where the value UP_OUT<0:B> is smaller
than the information REF<0:B>, the alert signal ALERT is
deactivated. The information REF<0:B> on the reference
number may be a value that is set in advance in the memory
710 or a value that is inputted from an external source other
than the memory 710. The value may be differently set
according to operation circumstances of a memory, perfor-
mance of the memory, etc.

The alert signal ALERT may be transferred to the memory
controller 720. The memory controller 720 may control the
memory 710 to immediately perform the special refresh
operation when the alert signal ALERT is activated, or may
control the memory 710 to perform the special refresh opera-
tion when a predetermined time lapses after the alert signal
ALERT is activated.

The address storage unit 830 stores the address ADD<0: A>
when the alert signal ALERT is activated. If the alert signal
ALERT is activated, the address storage unit 830 stores an
address ADD<0:A>, which corresponds to a currently acti-
vated word line. An activation of the alert signal ALERT
suggests that the address ADD<0:A> corresponding to the
currently activated word line corresponds to the excessive
address. In the case of performing the special refresh opera-
tion, since the memory controller 720 needs an excessive
address, the memory 710 stores the excessive address in the
address storage unit 830 and may transfer the excessive
address to the memory controller 720 depending on certain
situations.

In the memory in accordance with the embodiment of the
present invention, the numbers of activations of respective
word lines are stored using memory cells, which are con-
nected to the corresponding word lines. At this time, when a
fail occurs in a memory cell, which stores the number of
activations of'a word line or a bit line to which such a memory
cell is connected, the special refresh operation may not be
properly performed. Therefore, the memory in accordance
with the embodiment of the present invention includes bit
lines and memory cells for storing the numbers of activations
of word lines and redundancy bit lines and redundancy
memory cells for replacing bit lines or memory cells in which
fails occur, such that bit lines determined through a test to
have fails are replaced with redundancy bit lines and the
numbers of activations of the word lines are stored in redun-
dancy memory cells, whereby the special refresh operation
may be normally performed.

FIG. 9 is a detailed diagram illustrating the stored value
updating unit 812 shown in FIG. 8.

Referring to FIG. 9, the stored value updating unit 812
includes an adding unit 920 that may increase a value
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UP_IN<0:B> inputted through the input terminal thereof and
output an increased value UP_OUT<0:B> through the output
terminal thereof, a first transfer unit 910 that may transfer a
value outputted from a plurality of second memory cells C2 or
a plurality of redundancy memory cells RC, which are con-
nected to a word line activated among the first to N* word
lines WL1 to WLN, to the input terminal of the adding unit
920 when the first transfer signal SELF_RD is activated, a
second transfer unit 930 that may transfer the value
UP_OUT<0:B> outputted from the output terminal of the
adding unit 920 to the plurality of second memory cells C2 or
the plurality of redundancy memory cells RC, which are
connected to the activated word line when the second transfer
signal SELF_WT is activated and transfer an initial value to
the plurality of second memory cells C2 or the plurality of
redundancy memory cells RC, which are connected to the
activated word line, when the memory 710 performs the
normal refresh operation, and a transfer control unit 940 that
may control the first transfer unit 910 and the second transfer
unit 930 based on the first transfer signal SELF_RD, the
second transfer signal SELF_WT and the redundancy signal
RED and may generate the normal column signal NCOL and
the redundancy column signal RCOL.

The stored value updating unit 812 will be described below
in detail with reference to FIG. 9.

The transfer control unit 940 generates a period signal
SELF_WTS and a column signal SELF_YT based on the first
transfer signal SELF_RD and the second transfer signal
SELF_WT. The period signal SELF_W'S is a signal, which
denotes whether it is a period in which a value stored in a
plurality of second memory cells C2 or a plurality of redun-
dancy memory cells RC connected to a currently activated
word line is to be outputted or a period in which an updated
value is to be stored in a plurality of second memory cells C2
or a plurality of redundancy memory cells RC. When the
period signal SELF_WTS is activated (to a high level), it
represents a period in which an updated value is to be stored
in a plurality of second memory cells C2 or a plurality of
redundancy memory cells RC, and, when the period signal
SELF_WTS is deactivated (to a low level), it represents a
period in which a value of a plurality of second memory cells
C2 or a plurality of redundancy memory cells RC connected
to an activated word line is to be outputted. The transfer
control unit 940 deactivates the period signal SELF_WTS
when the first transfer signal SELF_RD is activated, and
activates the period signal SELF_WTS when the second
transfer signal SELF_WT is activated.

Also, the transfer control unit 940 activates the column
signal SELF_YT for a predetermined period when the first
transfer signal SELF_RD or the second transfer signal
SELF_WT is activated. The column signal SELF_YT repre-
sents that the number of activations of a word line is inputted
and outputted to and from a plurality of second memory cells
C2 or a plurality of redundancy memory cells RC. The trans-
fer control unit 940 transfers the column signal SELF_YT as
the normal column signal NCOL when the redundancy signal
RED is deactivated. Accordingly, when the redundancy sig-
nal RED is deactivated, the normal column signal NCOL is
activated when the first transfer signal SELF_RD or the sec-
ond transfer signal SELF_WT is activated. Moreover, the
transfer control unit 940 transfers the column signal SEL-
F_YTI as the redundancy column signal RCOL when the
redundancy signal RED is activated. Accordingly, if the
redundancy signal RED is activated, the redundancy column
signal RCOL is activated when the first transfer signal SEL-
F_RD or the second transfer signal SELF_WT is activated.
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The first transfer unit 910 transfers the value RD_OUT<0:
B> outputted from a plurality of second memory cells C2 or
a plurality of redundancy memory cells RC, which are con-
nected to an activated word line, as the signal UP_IN<0:B>of
the input terminal of the adding unit 920 when the first trans-
fer signal SELF_RD is activated. In detail, the first transfer
unit 910 transfers the value RD_OUT<0:B> outputted from a
plurality of second memory cells C2 or a plurality of redun-
dancy memory cells RC, which are connected to an activated
word line, as the signal UP_IN<0:B> of the input terminal of
the adding unit 920, based on the period signal SELF_WTS
and the column signal SELF_YT. The first transfer unit 910
transfers the value RD_OUT<0:B> outputted from a plurality
of second memory cells C2 or a plurality of redundancy
memory cells RC, which are connected to an activated word
line, as the signal UP_IN<0:B> of the input terminal of the
adding unit 920, if the column signal SELF_YT is activated
when the period signal SELF_W'TS is deactivated.

The adding unit 920 generates the value UP_OUT<0:B>
by adding the predetermined value to the value of the signal
UP_IN<0:B>, which is inputted to the input terminal thereof,
and outputs the value UP_OUT<0:B> through the output
terminal thereof. The adding unit 920 may be an adder gen-
erally known in the art, which generates a value by adding ‘1’
to an inputted value.

The second transfer unit 930 transfers the value (that is, the
increased value) UP_OUT<0:B> outputted through the out-
put terminal of the adding unit 920, as the value WT_IN<O:
B>, or initializes the value WT_IN<0:B>, when the second
transfer signal SELF_WT is activated. The second transfer
unit 930 transfers the value UP_OUT<0:B> increased by the
adding unit 920, as the value WT_IN<0:B> if the column
signal SELF_YT is activated when the period signal SELF_
WTS is activated when both signals REFPW and TRREN
described above with reference to FIG. 8 are deactivated.
Conversely, the second transfer unit 930 initializes the value
WT_IN<0:B>when the column signal SELF_YT is activated
when the period signal SELF_WTS is activated when one of
the two signals REFPW and TRREN is activated.

The memory core circuit in accordance with the embodi-
ment of the present invention will be described below with
reference back to FIG. 8.

Referring to FIG. 8, the memory core circuit includes the
first cell array CAl including the plurality of first memory
cells C1, which are connected to the first to N” word lines
WL1 to WLN, the second cell array CA2 including the plu-
rality of second memory cells BL2, which are connected to
the first to N* word lines WL1 to WLN and are connected to
one or more bit lines BL2 and store the numbers of activations
of word lines connected to them among the first to N word
lines WL1 to WLN, and the redundancy cell array RCA
including the plurality of redundancy memory cells RC,
which are connected to the first to N* word lines WL1 to
WLN, are connected to one or more redundancy bit lines RBL.
for replacing one or more bit lines BL.2 and store the numbers
of activations of word lines connected to them among the first
to N” word lines WL 1 to WLN when the one or more bit lines
BL2 are replaced.

As described above with reference to FIGS. 3 and 4, the
memory core circuit increases a value stored in a plurality of
second memory cells C2, which are connected to a word line
activated among the first to N” word lines WL1 to WLN when
the active command ACT is supplied, and increases a value
stored in a plurality of redundancy memory cells RC, which
are connected to the activated word line when at least one bit
line BL.2 is replaced.
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As described above with reference to FIGS. 3 and 4, the
memory core circuit initializes a value stored in a plurality of
second memory cells C2, which are connected to a word line
activated among the first to N* word lines WL 1 to WLN in the
case where the normal refresh operation is performed, and
initializes a value stored in a plurality of redundancy memory
cells RC, which are connected to the activated word line when
at least one bit line BL2 is replaced.

As described above with reference to FIGS. 3 and 4, the
memory core circuit initializes a value stored in a plurality of
second memory cells C2, which are connected to a word line
activated among the first to N” word lines WL1 to WLN when
the special refresh operation is performed, and initializes a
value stored in a plurality of redundancy memory cells RC,
which are connected to the activated word line when at least
one bit line BL2 is replaced.

In the memory core circuit in accordance with the embodi-
ment of the present invention, the number of activations of a
word line is stored using memory cells, which are connected
to the corresponding word line. At this time, if a fail occurs in
the memory cells for storing the number of activations of the
word line or in a bit line with which the memory cells are
connected, a special refresh operation may not be properly
performed. Accordingly, the memory core circuit in accor-
dance with the embodiment of the present invention has bit
lines and memory cells for storing the numbers of activation
of word lines and redundancy bit lines and redundancy
memory cells for replacing bit lines or memory cells in which
fails occur, such that a bit line determined through a test to
have a fail is replaced with a redundancy bit line and the
number of activations of a word line is stored in redundancy
memory cells, whereby the special refresh operation may be
smoothly performed.

Although various embodiments have been described for
illustrative purposes, it will be apparent to those skilled in the
art that various changes and modifications may be made
without departing from the spirit and scope of the invention as
defined in the following claims.

What is claimed is:

1. A memory comprising:

a first cell array including a plurality of first memory cells

connected to a plurality of word lines;

a bit line selection unit configured to select one or more bit
lines among a plurality of bit lines based on repair infor-
mation;

a second cell array including a plurality of second memory
cells connected to the plurality of word lines and the
plurality of bit lines, wherein a group of the plurality of
second memory cells connected to a corresponding
word line stores the number of activations of the corre-
sponding word line when the one or more connected bit
lines are selected; and

an activation number update unit configured to update a
value stored in the second memory cells, which are
connected to the one or more selected bit lines and the
activated word line among the plurality of word lines.

2. The memory according to claim 1, wherein the bit line
selection unit transfers a value outputted from the one or more
selected bit lines, which are selected in response to the repair
information, to the activation number update unit, and trans-
fers a value outputted from the activation number update unit
to the one or more selected bit lines.

3. The memory according to claim 1, wherein the activation
number update unit increases a value stored in the second
memory cells, which are connected to the one or more
selected bit lines and the activated word line, in response to an
active command.
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4. The memory according to claim 1, wherein the activation
number update unit initializes the value stored in the second
memory cells, which are connected to the one or more
selected bit lines and the activated word line, when a normal
refresh operation or a special refresh operation is performed.

5. The memory according to claim 1, further comprising:

an alert signal generation unit configured to activate an

alert signal when the number of activations of the word
line, which is stored in the second memory cells con-
nected to the one or more selected bit lines and the
activated word line, is equal to or greater than a reference
number.

6. The memory according to claim 5, further comprising:

an address storage unit configured to store an address cor-

responding to the activated word line when the alert
signal is activated.

7. A memory comprising:

a first cell array including a plurality of first memory cells

connected to a plurality of word lines;

asecond cell array including a plurality of second memory

cells connected to the plurality of word lines and one or
more bit lines, wherein a group of the plurality of' second
memory cells connected to a corresponding word line
stores the number of activations of the corresponding
word line;

aredundancy cell array including a plurality of redundancy

memory cells connected to the plurality of word lines
and one or more redundancy bit lines for replacing the
one or more bit lines, wherein a group of the plurality of
redundancy memory cells connected to a corresponding
word line stores the number of activations of the corre-
sponding word line when the one or more bit lines are
replaced; and

an activation number update unit configured to update a

value stored in the second memory cells connected to the
activated word line, and update a value stored in the
redundancy memory cells connected to the activated
word line when the one or more bit lines are replaced.
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8. The memory according to claim 7, wherein, when an
active command is supplied, the activation number update
unit increases a value stored in the second memory cells
connected to the activated word line, and increases a value
stored in the redundancy memory cells connected to the acti-
vated word line when the one or more bit lines are replaced.

9. The memory according to claim 7, wherein, when a
normal refresh operation or a special refresh operation is
performed, the activation number update unit initializes the
value stored in the second memory cells connected to the
activated word line, and initializes the value stored in the
redundancy memory cells connected to the activated word
line when the one or more bit lines are replaced.

10. The memory according to claim 7, further comprising:

an alert signal generation unit configured to activate an

alert signal when the number of activations of the word
line, which is stored in the second memory cells con-
nected to the activated word line or in the redundancy
memory cells connected to the activated word line, is
equal to or greater than a reference number.

11. The memory according to claim 10, further compris-
ing:

an address storage unit configured to store an address cor-

responding to the activated word line when the alert
signal is activated.

12. The memory according to claim 7, wherein the activa-
tion number update unit activates one column signal of a
normal column signal and a redundancy column signal in
response to a redundancy signal, and

wherein the value stored in the second memory cells con-

nected to the activated word line is updated when the
normal column signal is activated, and the value stored
in the redundancy memory cells connected to the acti-
vated word line is updated when the redundancy column
signal is activated.
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